
 With numerous heat waves in our rear-view mirror this spring 
and summer in Southern California, itõs worth asking: Whatõs going 
on? Are heat waves getting hotter? More frequent? Are all heat waves 
created equal? 
 In Southern California we know the difference. Our heat waves 
come from basically three different causes or combinations thereof:  

 Humid heat waves are increas-
ing and expanding across the world 
much faster than what was originally 
projected. Recent research suggests 
that certain areas of the world are 
already experiencing the kind of heat 
that the human body simply canõt 
handle without detrimental health 
issues. In addition, this kind of heat 
was projected to occur decades from 
now. Not only is it occurring already, 
the vulnerable areas are expanding. 
The following is taken from a NOAA 
Research report.  
 
NOAA story 
 
 Oppressively hot summer days 
often evoke the expression, òitõs not 
the heat, itõs the humidity.ó That 
sticky, tropical-like air combined with 
high temperatures is more than un-
pleasant ñ it makes extreme heat a 
greater health risk. 
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Humid Heat Waves adapted from NOAA 

Strong high pressure aloft. This squashes the marine layer, com-
presses and heats air at the surface and allows for plenty of sun-
shine. This heats up the interior and not so much at the coast.  

Santa Anas, or warm offshore flow. This regime brings dry interior 
air over the mountains and to the coast, warming by compression as 
the air sinks into the coastal basin. Strong events will include coastal 
areas, which might actually get the hottest. Importantly, this is a 
dry heat. 

Monsoon Wave. The flux of heat and moisture from northwest 
Mexico also warms by compression and diminishes the marine layer. 
These humid events can cover the entire region and may prove most 
hazardous. 

Ethan Gibney 



 Climate models project that combinations of heat and humidity could reach deadly thresh-
olds for anyone spending several hours outdoors by the end of the 21st century. However, new re-
search says these extremes are already happening ñ decades before anticipated ñ due to global 
warming to date.   
 The study, The Emergence of Heat and Humidity Too Severe for Human Tolerance, pub-
lished recently in Science Advances shows for the first time that some locations have already re-
ported combined heat and humidity extremes above humansõ survivability limit. Dangerous ex-
tremes only a few degrees below this limit have occurred thousands of times globally ñ including 
in parts of the southwestern and southeastern United States ñ and have more than doubled in fre-
quency since 1979. 

 òI believe that humid heat is the most underestimated direct, local risk of climate change,ó 
said Radley Horton, a Columbia University professor and lead of NOAA's Urban Northeast RISA team 
who co-authored the study. òAs with sea level rise and coastal flooding, we are already locked in-
to large increases in the frequency and intensity of extreme humid heat events, and the risk is 
much larger than most people appreciate.ó 
 
High humid heat defeats the bodyõs cooling system 
 
 The researchers conducted the most rigorous analysis yet using an index called òwet-bulb 
temperatureó based on weather station temperature and humidity data. Wet-bulb temperature, 
the reading from a thermometer when covered in a wet cloth, is related to how muggy it feels 
and represents how effectively a person sheds heat by sweating. 
 Sweating alone does nothing to cool the body unless the water evaporates. Around a wet-
bulb temperature of 95ÁF (35ÁC), humanõs survivability limit, evaporation of sweat is no longer 
enough for our bodies to regulate their internal temperature. But serious impacts occur at values 
as low as 79ÁF (26ÁC).  
 òWhen wet-bulb temperatures are extremely high, there is so much moisture in the air that 
sweating becomes ineffective at removing the bodyõs excess heat, like what happens in a steam 
room,ó said Colin Raymond, the studyõs lead author who conducted work at Columbia University 
and is now a postdoctoral scientist at NASAõs Jet Propulsion Laboratory.  

Humid Heat Waves - continued 

This map shows locations that experienced extreme heat and humidity levels briefly (hottest 
0.1% of daily maximum wet bulb temperatures) from 1979-2017. Darker colors show more severe 
combinations of heat and humidity. Some areas have already experienced conditions at or near 
humans' survivability limit of 35ÁC (95ÁF). NOAA Climate.gov 



 òAt some point, perhaps after six or more hours, this will lead to organ failure and death in 
the absence of access to artificial cooling.ó  
 The authorsõ survey of weather station data from 1979-2017 identified over 7,000 past oc-
currences of wet-bulb temperatures above 88ÁF (31ÁC) and over 250 above 91ÁF (33ÁC) around 
the world, as well as two stations that reported multiple daily-maximum wet-bulb temperatures 
above 95ÁF. These extremes occurred for 1-2 hours in parts of coastal southwest North America, 
including southeastern California and southwestern Arizona, South Asia, and the coastal Middle 
East.  
 The southeastern United States, espe-
cially along the Gulf of Mexico, had multiple 
incidences of wet-bulb temperatures at or 
above 88ÁF; specifically, in east Texas, Loui-
siana, Mississippi, Alabama, the Florida Pan-
handle, Arkansas and North Carolina. Parts of 
India, Pakistan, northwestern Australia, the 
coast of the Red Sea, and areas along the 
Gulf of California in Mexico saw even higher 
extremes. These hot spots were primarily 
concentrated in coastal areas near high 
ocean surface temperatures and intense con-
tinental heat ñ a recipe for extreme humid 
heat. 
 òWet-bulb temperatures above 86ÁF 
(30ÁC) are rare in the U.S. As wet bulb tem-
peratures approach 95ÁF, even the healthiest 
people, relaxing in the shade without heavy 
clothing and with an endless supply of water, 
cannot prevent themselves from overheat-
ing,ó Horton said. òEven at lower wet-bulb 
temperatures, like 79ÁF (26ÁC), those with 
pre-existing health conditions (like respirato-
ry, cardiovascular, and renal disease), the 
elderly, as well as those performing strenu-
ous outdoor labor and athletic activities, are 
at a high risk.ó 
 The authors note, for example, that 
the 2003 European heat wave caused over 
50,000 deaths at wet-bulb temperatures 
close to 79ÁF. In the United States where air 
conditioning is more widespread, the 1995 
Chicago heat wave reached wet-bulb temper-
atures of 85ÁF and killed over 700 people.    
 
Extreme humid heat risk is imminent and increasingly severe 
 
 Though the reported extreme exceedances were brief and highly localized, a large number 
of locations, such as near the Persian Gulf and Red Sea, could surpass the 95ÁF threshold in just a 
few decades, much sooner than other studies have suggested, according to the authors. Many pop-
ulous areas are close to the limit. 
 Horton believes more research is needed on the factors that generate extreme wet-bulb 
temperatures in different regions, as well as potential impacts on energy, food systems, and hu-
man security.  
 òThe deadly trends in recent decades toward increasingly extreme humid heat underscore a 
major societal challenge for the coming decades,ó Horton said. òAdvances in our understanding 
and appreciation of extreme humid heat risks have the potential to increase the economic produc-
tivity and livelihood of Americans and all people, while protecting the health of the most vulnera-
ble.ó (End of NOAA story) 
 
 

Humid Heat Waves - continued 



Considerations for Southern California 
  
 Local researchers from UCSDõs Scripps Institution of Oceanography have noticed a trend 
that heat waves in Southern California are getting more humid. Three of them studied the epic 
heat of summer 2006 and wrote a paper titled: The great 2006 heat wave over California and Ne-
vada: Signal of an increasing trend (Journal of Climate, 22, 6181ð6203). The authors Alexander 
Gershunov, Dan Cayan and Sam Iacobellis assert that the increasing humidity in heat waves in Cal-
ifornia is associated with warming sea surface temperatures off Baja California.  
 Researcher Rachel Clemesha and others are currently studying the relationship between the 
humid heat and the marine layerõs spatial cloud coverage, depth and therefore, cooling influence. 
 In 2014, researcher Kristen Guirguis and others wrote The Impact of Recent Heat Waves on 
Human Health in California (Journal of Applied Meteorology and Climatology, 53, 3-19). Summa-
rizing some of the findings, Guirguis says, òwe found coastal populations were more impacted by 
heat, and these impacts occurred at cooler temperatures than for inland communities. For the 
coastal regions, harmful heat waves occurred at [high] temperatures that were much cooler (high 
80s - 90s) than those occurring in inland communities (high 90s to 110). Interestingly, while the 
coastal heat waves were cooler, they were also more anomalous (much hotter than normal for 
those locations).ó  
 Research is bearing out the fact that acclimation plays a major role in the human health 
impact. In other words, those who are not used to humid heat will suffer greater impact to 
health, while those who are used to humid heat will not suffer as much. 
 The research has answered some questions, but has generated many more. What kind of 
wet-bulb temperatures will pose a health hazard for Southern California? For coastal populations 
with and without air conditioning? How about for inland valleys, the high desert or low desert? 
Does the time of year matter? What are the preconditions that make some populations vulnerable 
to health impacts? 
 The good news is that research is ongoing, and that will help prepare us for the more fre-
quent humid heat waves projected for our future, coming sooner rather than later. 

Humid Heat Waves - continued 

The Chicago NWS office recently revisited the tragic and remarkable heat wave of1995. 



 Dust storms, debris flows, extreme heat, and flash flooding are all part of the North Ameri-
can monsoon season. The typical season for the monsoon in Southern California is July through 
September, where numerous showers and thunderstorms can occur. Though most of this active 
weather occurs in the mountains and deserts, people at the coast and in the western valleys can 
feel the effects of the monsoon as well. This is the time of year where we may get lucky to see 
some great cloud formations overtake the sky with an abundance of thunder and lightning during 
warm summer afternoons and evenings. Though there are many beautiful sights that can be ob-
served during this active time, there are also many different types of hazards that can have a 
large impact on those across our region.  

 To spread the word about what impact-
ful weather events are incorporated into the 
monsoon season, nine NWS offices across the 
Southwest came together to form the annual 
Monsoon Awareness Week Campaign. This year, 
meteorologists from each office interviewed an 
expert on their assigned monsoon weather top-
ic. The purpose of these interviews was to pro-
vide helpful tips to inform the public about the 
dangers that can accompany heavy rain and 
thunderstorms. NWS San Diego was assigned 
the topic of debris flows. Forecasters Adam 
Roser and Bruno Rodriguez had a great discus-
sion with Yanni Schwartz, Minerals & Geology 
Program Manager and BAER Program Coordina-
tor with the Los Padres National Forest. A re-
cording of our chat can be found here. 
 What are debris flows, you may ask? Af-
ter a wildfire scorches an area, a thin layer of 
dirt, ash, and sediment forms on the earthõs 
surface. When heavy rain falls onto this thin 
layer over a short period of time, the rain can-

not seep into the ground quick enough, causing large quantities of this mixture to flow down 
hillsides. These can become raging rivers of mud and dirt that can endanger those living at the 
base of the hillsides, while destroying much (if not all) in its path. If you or anyone you know lives 
at the base of a mountain slope or near a creek or river, make sure to have a way to receive NWS 
alerts, whether it is via your phone, online, or from your local broadcast meteorologist. Please 
visit weather.gov/sandiego for the latest information on weather conditions and hazards. 

 What lies 
ahead for the rest 
of the monsoon sea-
son? The Climate 
Prediction Center 
(CPC) indicates 
equal chances of 
average precipita-
tion to fall across 
the region. These 
seasonal outlooks 
can always be found 
online at:  
cpc.ncep.noaa.gov 

2020 Monsoon Awareness Week by Forecaster Adam Roser 

Precipitation outlook for August, Septem-
ber and October 2020. No hint for above or 
below normal monsoon activity in South-
ern California. 

A torrent of ash and debris rushes under a road in 
Trabuco Canyon in southeast Orange County following 
the Holy Fire in November of 2018. Photo OC Register 

https://www.youtube.com/watch?v=bgK0GVrJyRo
https://www.weather.gov/sgx/

